The systematic study of ground-state properties of the three-dimensional Falicov-Kimball model is performed by a well-controlled numerical method. The results obtained are used to categorize the ground-state configurations according to common features for weak, intermediate and strong interactions. It is shown that only a few configuration types form the basic structure of the phase diagram. In particular, the largest regions of stability correspond to phase segregated configurations, striped configurations and configurations in which electrons are distributed in diagonal planes with incomplete chessboard structure. Near half-filling, mixtures of two phases with complete and incomplete chessboard structure are determined. The relevance of these results for a description of real material is discussed.
Introduction
The Falicov-Kimball model (FKM) has become, since its introduction [1] in 1969, one of the most popular examples of a system of interacting electrons with shortrange interactions. It has been used in the literature to study a great variety of many-body effects in rare-earth compounds, of which metal-insulator transitions, mixed-valence phenomena, and charge-density waves are the most common examples [2] . The model is based on the coexistence of two different types of electronic states in a given material: localized, highly correlated ionic-like states and extended, uncorrelated, Bloch-like states. It is generally accepted that the above mentioned cooperative phenomena result from a change in the occupation numbers of these electronic states, which remain themselves basically unchanged in their character.
Taking into account only the intra-atomic Coulomb interaction between the two types of states, the Hamiltonian of the spinless FKM can be written as the sum of three terms:
where f The first term of (1) is the kinetic energy corresponding to quantum-mechanical hopping of the itinerant d electrons between sites i and j. These intersite hopping transitions are described by the matrix elements t ij , which are −t if i and j are the nearest neighbours and zero otherwise (in the following all parameters are measured in units of t). The second term represents the on-site Coulomb interaction between the d-band electrons with density
where L is the number of lattice sites.
The third term stands for the localized f electrons whose sharp energy level is E f .
Since in this spinless version of the FKM without hybridization the f -electron occupation number f + i f i of each site i commutes with the Hamiltonian (1), the felectron occupation number is a good quantum number, taking only two values:
w i = 1 or 0, according to whether or not the site i is occupied by the localized f electron.
Now the Hamiltonian (1) can be written as
where h ij (w) = t ij + Uw i δ ij .
Thus for a given f -electron configuration w = {w 1 , w 2 . . . w L } defined on the three-dimensional lattice with periodic boundary conditions, the Hamiltonian (2) is the second-quantized version of the single-particle Hamiltonian h(w) = T + UW , so the investigation of the model (2) is reduced to the investigation of the spectrum of h for different configurations of f electrons.
Despite its relative simplicity and an impressive research activity in the past, the properties of this model remained unclear for a long time. The crucial break in this direction has been done recently by exact analytical [3, 4, 5] and numerical [6, 7] calculations. These calculations showed that the spinless FKM can describe (at least qualitatively) such important phenomena observed experimentally in some rare-earth and transition metal compounds like the discontinuous valence and metal insulator transitions, phase separation, charge ordering, stripes formation, etc. In addition, it was found [8] that at non-zero temperatures the model is able to provide the qualita- 
one-electron levels (here we consider only the case Calculate the ground-state energy E(w ′ ). If E(w ′ ) < E(w) the new configuration is accepted, otherwise w ′ is rejected. Then the steps (ii)-(v) are repeated until the convergence (for given U and E f ) is reached. Of course, one can move instead of one electron (in step (iv)) simultaneously two or more electrons, thereby the convergence of method is improved. Indeed, tests that we have performed for a wide range of the model parameters showed that the latter implementation of the method, in which 1 < p < p max electrons (p should be chosen at random) are moved to new positions overcomes better the local minima of the ground state energy. In this paper we perform calculations with p max = N f . The main advantage of this implementation is that in any iteration step the system has a chance to lower its energy (even if it is in a local minimum), thereby the problem of local minima is strongly reduced (in principle, the method becomes exact if the number of iteration steps goes to infinity). On the other hand a disadvantage of this selection is that the method converges slower than for p max = 2 and p max = 3. To speed up the convergence of the method (for p max = N f ) and still to hold its advantage we generate instead the random number p (in step (iv)) the pseudo-random number p that probability of choosing decreases The largest number of configuration types is observed in the weak-coupling limit.
Going with N f from zero to half-filling (N f = L/2) we have observed the following configuration types for U = 1. At low f -electron concentrations the ground-states are the phase segregated configurations (f -electrons clump together while remaining part of lattice is free of f -electrons) listed in Fig. 1a for two selected values of N f .
Since the ground-states corresponding to the segregated configurations are metallic [10] we arrive at an important conclusion, and namely, that the metallic domain that exists in the one and two dimensional FKM persists also in three dimensions.
In the one dimensional case the region of stability of this metallic domain was restricted to low f -electron concentrations n f < 1/4 and small Coulomb interactions U ≤ 1 [9, 10] . The numerical calculations performed in two dimensions revealed [9] that with increasing dimension the stability region of this metallic domain shifts to higher values of U (U ∼ 3). From this point of view it is interesting to examine if this trend holds also for three dimensions. To verify this conjecture we have determined starts to develop. We call them the diagonal charge planes with incomplete chessboard structure, since the f -electrons prefer to occupy the diagonal planes with slope 1 and within these planes they form the chessboard structure. Of course, there is a considerable freedom in categorization of ground state configurations according to some common features and the case of diagonal planes used by us is only one of possible ways. The region of diagonal charge planes is relatively broad and extends up to N f ∼ 50. Then follows the region in which the chessboard structure starts to develop. As illustrated in Fig. 3a the f -electrons begin to occupy preferably the sites of sublattice A, leaving the sublattice B free of f -electrons. In addition, the configurations that can be considered as mixtures of previous configuration types are also observed in this region (see Fig. 3b ). However, with increasing N f the configurations of chessboard type become dominant. Analysing these configurations we have found that the transition to the purely chessboard configuration realizes through several steps. The first step, the formation of the chessboard structure has been illustrated in Fig. 3a . The second step is shown in Fig. 4a . It is seen that the chessboard structure is fully developed in some regions (planes) that are separated by planes with incomplete developed chessboard structure. Such a type of distribution is replaced for larger values of N f by a new type of distributions (step three), where both regions with complete and incomplete chessboard structure have the three-dimensional character (see Fig. 4b ). found in one and two-dimensional solutions of the FKM (the phase segregation, the stripes formation, the phase separation, etc.) holds also in three dimensions, thereby the FKM becomes interesting for a description of ground-state properties (e.g., valence and metal-insulator transitions induced by doping and pressure) of real (three dimensional) systems [12] . The work in this direction is currently in progress.
In summary, the ground-state properties of the three-dimensional FKM were 
